INTRODUCTION
Acetaminophen is one of the commonly prescribed over the-counter analgesic and antipyretic medications (Flaherty, 1998 and Abbott and Fraser, 1998) . It is relatively safe and effective at therapeutic doses, but high doses of the drug cause fulminant liver necrosis in human and experimental animals (Matthews et aI., 1996) . Hepatotoxicity is thought to result from the cytochrome P450~mediated oxidation of acetaminophen to Nacetyl-p-benzoquinone imine (NAPQI) which is highly reactive and is considered the toxic metabolite of acetaminophen (Harman et aI., 1991) . This highly reactive metabolite is scavenged by reduced glutathione (GSH), leading to a decrease of hepatic GSH concentration after acetaminophen (Anundi et al., 1993) . Depletion of GSH causes the remaining quinone to bind to cellular macromolecules leading to cell death by a cellular oxidative stress resulting in lipid peroxidation and changes in intracellular Ca Acetaminophen-induced hepatic necrosis was first described in rats in an experimental toxicological study by Boyd and Bereczky (1966) . Their histological observations were supplemented by those of Dixon et al. (1971) who studied the evolution of the lesion up to 28 days after administration, and found hydropic vacuolations, centrilobular necrosis, macrophage infiltration and regenerative activity with a rapid restoration to normal.
Intracellular calcium plays multiple roles, essential to the control of cellular functions (Boobis et aI., 1990 (Orrenius et aI., 1989) . Thibault et al. (1991) suggested that influx of extracellular calcium into the cells could have a role in the genesis of hepatocyte injury by acetaminophen and Crenesse et al. (1999) demonstrated that calcium played an important role in hepatocyte damage.
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In vivo studies have shown that the intracellular Ca 2 + concentration of hepatocytes markedly increases between 18 and 24h after exposure, associated with hepatocyte necrosis (Landon et al., 1986) . Hepatocyte death can be prevented by calcium ethylene diamine tetra acetate (calcium EDTA) added to the culture medium during or after acetaminophen exposure (Beales et al., 1985) . Bruschi and Priestly (1990) . Experiments on isolated cells, have found that following exposure of the cells to lethal concentration of acetaminophen. there was a rapid and sustained rise in cytosolic Ca 2 + which correlated with the subsequent loss of viability. Prevention of this rise in Ca 2 +, or its early restoration to normal levels prevents cell death (Boobis et at., 1989).
The Ca 2 + channel blocking agents nifedipine (NF), verapamil (V) and diltiazem (DL) represent a chemically heterogeneous group which binds different sites on voltaqe-dependent Ca 2+channels and reduces Ca 2+ influx into the cells Cobreros et al., 1997) . Several investigators described protective effects of several calcium channel blocking agents against acetaminophen hepatotoxicity on biochemical grounds, but none demonstrated this protective effect histologically especially on the electron microscopical level (Landon et al., (1986) and EIlouk-Achard et al., (1995) .
The aim of this study was to clarify whether pretreatment with NF, V and DL could prevent or diminish the occurrence of acetaminophen toxicity and to demonstrate these protective effects histologically by light and electron microscopic methods.
MATERIALS AND METHODS

Test materials:
Acetaminophen, NF and DL were purchased from Egyptian International Pharmaceutical Industries Company (EIPICO), Cairo, Egypt. Verapamil was purchased from The Arab Drug Company, Cairo, Egypt. Kits for aminotransferases, reduced glutathione, lipid peroxidation and cytochrome P450 were obtained from Boehringer Mannheim GmbH, Germany. Lastly, saline was supplied by the Nile Company for Pharmaceutical and Chemical Industries, Cairo, Egypt.
Animals:
One hundred and twenty eight adult male albino rats weighing 110-130g were obtained from Helwan Breeding Farm, Cairo, Egypt. They were selected for use on the basis of adequate body weight gain and freedom from any clinical signs of disease or injury. The rats were housed in a metal-holding cage on bedding of wood chips "maximum of six rats per -2-cage" in an animal house kept under laboratory conditions, and maintained on standard commercial food and water, ad libitum. Animals were marked by tail marking with indelible ink.
The rats were individually weighed and randomly assigned into eight equal groups of 16 rats each in such a way that there were no statistically significant differences among group body weight means.
• Group (1): The negative control group, where the rats were given 2 ml normal saline.
• Group (2): The rats in this group were given acetaminophen in a dose of 850 mg/kg. This dose equals one half of the oral median lethal dose (LD50) of acetaminophen rats according to Clarke (1974) .
• Group (3): The rats in this group were given NF in a dose of 35mg/kg (London et al., 1986).
• Group (4): The rats in this group were given V in a dose of 15mg/kg (Kaleva and Stoytchev, 1991).
• Group (5): The rats in this group were given DL in a dose of 50mg/kg (Thibault et aI., 1991).
• Group (6): The rats in this group were given NF (35mg/kg) one hour before acetaminophen (850mg/kg).
• Group (7): The rats in this group were given V (15mg/kg) one hour before acetaminophen (850mg/kg).
• Group (8): The rats in this group were given DL (50mg/kg) one hour before acetaminophen (850mg/kg).
Groups (3), (4) and (5) were considered positive controls.
The doses of NF. V and DL represent one-tenth of the oral LD50 for rats. Acetaminophen and NF were dissolved in distilled water with a few drops of Tween-80, and V and DL were dissolved in distilled water. All drugs were given once by the oral route through a gastric tube for all rats.
The animals were deprived of food four hours before acetaminophen administration because acetaminophen hepatotoxicity was found to be greater in fasted than fed rats (Lauterburg and Mitchell, 1982) .
Survival rates, Aminotransferases and liver weights:
Ten rats from each group were chosen for this purpose as well as for histology. Survival was monitored for all rats for 24 hours after treatment. Blood samples were collected from the retro-bulbar venous plexus, through capillary tubes from surviving rats. The sera were separated by centrifuga-tion. Serum aspartate aminotransferase (AST) and serum alanine aminotransferase (ALT) were analyzed spectrophotometrically by the method of Reitman and Frankel (1957) . The results were expressed as SigmaFrankel units / ml. These rats were then killed by decapitation. Livers were excised rapidly, blotted dry and weighed. The results were expressed as 9 liver weight / 10 g body weight.
Histology:
Sections of the livers were fixed in 10% formol saline and embedded in paraffin for histological examination. The stain used was Harris' hematoxylin and eosin (H & E) (Drury and Wallington, 1980) . For Transmission Electron Microscopy, a simplified method for tissue processing was used as described by Hayat (1970) . Small pieces of the livers were taken and rinsed in 0.1 M phosphate buffer, pH 7.2. Approximately 1 rnm" liver pieces were trimmed and immediately fixed into 3% ice cold glutaraldehyde in 0.1 M phosphate buffer and kept overnight at 4°C. The tissue pieces were washed three times for 15 minutes in 0.1 M phosphate buffer pH 7.2 to remove traces of free glutaraldehyde.
Then the tissue pieces were further fixed in 1% osmium tetraoxide in 0.1 M phosphate buffer for 5-6 hours at 4°C. After post fixation the tissues were washed again in 0.1 M phosphate buffer; three times and were kept in buffer at 4°C overnight; to remove free osmium tetraoxide.
The tissues were dehydrated using ascending grades of acetone from 30, 50, 70, 80, 90, 95, 100%, for 10 minutes x 2 changes and then embedded in epoxy resin. Ultrathin sections were cut and stained with uranyl acetate and lead citrate and then examined under Zeiss EM 10C TEM using an accelerated voltage of 60 KV.
Hepatic reduced glutathione (GSH) levels, cytochrome P450 and lipid peroxidation :
Six rats from each group were chosen for this purpose. These levels were determined 2 hours after treatment.
The levels of liver GSH (mcg/gm liver) were determined using the f1uorimetric method of Hlssln and Hiff (1976). A fluorescence spectrophotometer MPF-448 Perkin-Elmer was used.
Cytochrome P450 in microsomes (nmol / mg protein) was determined by the carbon monoxide difference spectra of dithionite-reduced rnicrosornes using an extinction coefficient of 91 mM t em 1 for A450-A490 (Omura and Sato, 1964 ). 
Statistical analvsis:
The data were statistically analysed by Student's t-test. Results were expressed as meanskSD. The minimum level of significance was considered to be p c 0.05.
RESULTS
Survival rates:
i I Acetaminophen given as a single oral dose of 850mglkg resulted in 40% mortality during the first 24 hours after treatment. In animals pretreated with NF, V and DL, the mortality was significantly reduced to lo%, 10% and 0% respectively. All rats of the control groups survived. ( 
Serum aminotransferases
Rats receiving NF, V or DL alone showed no significant changes in serum aminotransferases, while those receiving acetaminophen alone showed a significant elevation of both serum aminotransferases than the negative control rats. On the other hand, rats receiving NF, V or DL one hour before acetaminophen showed significant reductions of both serum aminotransferases than rats given acetaminophen alone (Table 1) . # Significant difference from acetaminophen group (p < 0.05).
Liver weights:
Rats receiving NF, V or DL alone showed no significant changes in liver weights, while those receiving acetaminophen alone showed a significant increase of liver weights than the negative control rats. On the other hand, rats receiving NF, V or DL one hour before acetaminophen showed significant increases of liver weights than rats given acetaminophen alone ( 
Hepatic reduced slutathione levels:
Rats receiving NF, V or DL alone showed no significant changes in ~ liver GSH, while those receiving acetaminophen alone showed a significant 1 reduction of liver GSH than the negative control rats. On the other hand, rats receiving NF, V or DL one hour before acetaminophen showed no sig-1 nificant elevations of liver GSH than rats given acetaminophen alone (Table  3 ; Fig. 3 ).
1 Table ( in mcglgm liver of the studied rat groups.
Cytochrome P450 and lipid peroxidation:
Nifedipine, given alone or in combination with acetaminophen showed a significant elevation of Cytochrome P450 than the negative control rats, while rats of all other groups showed no significant changes of Cytochrome P450 than rats of the negative control group.
On the other hand, OL given alone showed a significant reduction, of lipid peroxidation while NF or V given alone showed no significant changes in lipid peroxidation than the negative control rats. Acetaminophen, given alone or in combination with either NF or V showed a significant elevation of lipid peroxidation than rats of the negative control group. Oiltiazem given 1 hour before acetaminophen significantly reduced lipid peroxidation induced by acetaminophen (Table 4) . # Significant difference from acetaminophen group (p < 0.05).
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Histological Changes:
A. At the light microscopical level:
Animals treated with NF, V or DL alone (the positive controls) showed no histological changes as in the negative control rats (Figs. 4·a and 4-b) , while, in animals that received acetaminophen alone, the hepatic portal tract area showed mononuclear cellular infiltration, congestion of central vein, esinophilic necrosis seen in the cytoplasm of peripheral hepatocytes with pyknosis of some nuclei and some destruction of the hepatic lobular architecture with sinusoidal dilatation (Figs. 5-a and 5-b) .
Administration of NF 1 hour before acetaminophen led to some improvement in the liver tissue but there was still congestion of the central vein (CV), hydropic degeneration of hepatocytes which appeared vacuolated and mononuclear cellular infiltration at the portal tract (Figs. 6-a and 6-b).
Administration of V 1 hour before acetaminophen led also to improvement in the hepatic lobular architecture but there were still swollen hepatocytes with narrowed sinusoids, congestion of CV and mononuclear cellular infiltration at the portal tract (Figs. 7-a and 7-b) .
Administration of DL 1 hour before acetaminophen led to more improvement in the liver tissue than NF or DL where there was patchy pathology in the form of few swollen hepatocytes, other peripheral degenerated hepatocytes which appeared vacuolated with dilatation of sinusoids between the degenerated hepatocytes (Figs. 8-a and 8-b) .
B. At the electron microscopy level:
Again, liver sections from rats belonging to the positive control groups showed no abnormal histological changes as in the negative control rats (Fig.  9) . Meanwhile, liver sections from the rats of group (2) which received acetaminophen only showed glycogen depletion and presence of large intracellular membrane bound vacuoles that often impinged on the nucleus (Figs. 10-a  and 1a-b) . These large vacuoles appeared containing loosely-packed electron-dense amorphous material. They seemed to be formed by coalescence of vesicular dilatations in the smooth endoplasmic reticulum (SER) as there were communications between the smooth endoplasmic canalicular system and the large intracellular vacuoles. The plasma membranes of the affected hepatocytes were unapparent and it was often difficult to distinguish individual cell borders.
Liver sections of animals of group (6) which received NF one hour before acetaminophen showed smaller size of SER vacuolations (Fig. 11) . Sections of group (7) animals which received V one hour before acetaminophen showed even smaller size of SER vacuolations (Fig. 12 ) and finally group (8) sections of those animals that received DL one hour before acetaminophen showed the smallest size of SER vacuolations (Fig. 13) . ... "., .- 
DISCUSSION
The results of this study showed that NF, V and DL, administered one hour before acetaminophen, improved the survival rates of rats and significantly decreased acetaminophen-induced hepatic damage measured by serum aminotransferases, liver weights and liver histology. These results are in agreement with the study of Thibault et al. (1991) who showed that 1 hour pretreatment of rat hepatocytes with calcium channel blocking agents protected cells against acetaminophen cytotoxicity, with the study of Satorres et al. (1995) who showed that diltiazem had a protective effect of against acetaminophen hepatotoxicity in mice, and with the study of Dimova et al, (1995) who showed that 1 hour pretreatment of mice with NF, V, DL and trifluoperazine protected against acetaminophen hepatotoxicity measured by AST and liver weights. However, in Dimova et al. (1995) study, the survival rates were significantly improved with V and DL but not with NF. These different results may be related to differences in methodology, particularly doses of the tested drugs, methods of their administration, and species of animals tested.
There is evidence that the inhibition of cytochrome P450-dependent drug-metabolizing enzymes by piperonil butoxide (Jollow et aI., 1973) , metyrapone (Fossa et al., 1979) , potassium ethylxanthogenate (Dimova and Stoytchev, 1990) , diallyl sulfide (Hu et aI., 1996) , cimetidine (Murase et aI., 1986; AI-Mustafa et aI., 1997), 2-(allylthio)pyrazine (Kim et aI., 1997) or Phenethyl isothiocyanate (Li et aI., 1997) prevents acetaminophen toxicity due to reduced synthesis of the acetaminophen reactive metabolite. On the other hand, the inducers of the microsomal monooxygenases (Phenobarbital, 3-methylcholanthrene and ethanol, chronically) increase the lethality of the experimental animals and the severity of the liver necrosis due to increased synthesis of the acetaminophen reactive metabolite (Carpenter et aI., 1996; Lin and Lu, 1998; Draganov et aI., 2000) .
In the present study, NF significantly increased cytochrome P450 content, while V and DL showed no significant changes. These results are in agreement with the studies of Dimova et al. (1995) and Zangar et al. (1999) . Also, in the present study, DL significantly decreased lipid peroxidation, while NF and V showed no significant changes. These results were in agreement with the studies of Koleva and Stoytchev (1991) and Dimova et al. (1995) . It is possible that because of these results DL showed the most protective effect followed by V then NF, although these effects were pronounced histologically but insignificant in other tests.
The previous observations correlate with the histological results where DL was found to provide the greatest degree of protection against acute acetaminophen hepatotoxicity followed by V then NF. The histological changes of hepatotoxicity were least with DL pretreatment followed by V Gerber et al. (1980) who considered these hepatotoxic changes a classic example of centrilobular esinophillc coagulative necrosis. In severe cases, they reported that the necrosis bridged over the centrilobular areas or extensively involved much of the lobule with focal sparing of the peripheral parenchyma. They noted that outside the necrotic zone, inflammation was sparse with only mild fatty changes or mononuclear portal infiltrates were sometimes seen. At the electron microscopy level, Datta and Bhattacharyya (2001) considered that the dilatation and vacuolations of SER were the characteristic cytotoxic injury induced by acetaminophen. So these criteria were used in this study to assess and compare whatever protective effect that might be provided by the calcium channel blocking agents against acute acetaminophen induced hepatotoxicity. In this respect, the degree of SER dilatation and vacuolations were least with DL pretreatment followed by V then NF. Thus it was clear enough by both light and electron microscopy that Ca 2 + channel blockinq agents have diminished the acute acetaminophen hepatotoxic effects.
In the present study, NF, V and DL showed no significant changes on either hepatic reduced glutathione (GSH) or the GSH depletion provoked by the toxic dose of acetaminophen. These results are in agreement with the study of Dimova et al. (1995) . Calcium channel blocking agents act by reducing the initial entry of calcium into the liver cells. Landon et al. (1986) have found that the protective action of NF, V and chlorpromazine against acetaminophen-induced toxicity is associated with a reduction in liver cell calcium. Bruschi and Priestly (1990) suggested that the mobilization of intracellular Ca 2 + may be an important early event in acetaminopheninduced hepatotoxicity. Boobis et al. (1990) provided a direct evidence that an increase in intracellular calcium is the cause of cell death in hepatocytes exposed to acetaminophen. Dimova et aJ. (1995) reported that it is still unclear whether the disturbance of calcium homeostasis involved in the acetarninophen-Induced cell necrosis results from an influx of extracellular calcium into the cell or whether this disturbance is the consequence of a release of internal calcium stores from subcellular organelles like the endoplasmic reticulum or the mitochondrion. Beales et al. (1985) have documented that external free calcium is not essential for the development of acetaminophen cell injury in liver slices and hepatocytes. Thibault et al. (1991) suggested that the influx of extracellular Ca 2 + into the cells could have a role in the genesis of hepatocyte injury by acetaminophen. A very important mechanism of action of calcium channel blocking agents is the dilatation of blood vessels which enhances local vascular circulation, such an action in the liver could enhances the oxygenation of the centrilobular region of the liver lobule that appears to be susceptible to acetaminophen. This might contribute to the protective effect of calcium channel blockers against acetaminophen-induced hepatotoxicity (Dimova et al., 1995 ).
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The results of this study suggest that NF, V and DL are effective in reducing acetaminophen hepatotoxicity in rats. In conclusion, NF, V and DL might represent a useful addition to the treatment modalities after acetaminophen overdosage. Further work is recommended to demonstrate their efficacy as adjunctive treatment of acetaminophen toxicity in humans.
SUMMARY
There is evidence that an increase in cytosolic calcium (Ca 2 +) is involved in acetaminophen hepatotoxicity. The protective effects of Ca 2 + channel blocking agents nifedipine (NF), verapamil (V) and diltiazem (DL) on acute acetaminophen hepatotoxicity were studied in adult male albino rats toxicologically as well as by light and electron microscopic studies.
The results showed that pretreatment with each of NF, V and DL, one hour before acetaminophen, significantly decreased acetaminophen' induced hepatic damage measured by serum aminotransferases, liver weights and liver histology. Histologically, DL offered the greatest degree of protection followed by V then NF. Nifedipine significantly increased cytochrome P450 content, while V and DL showed no significant changes. Diltiazem significantly decreased lipid peroxidation, while NF and V showed no significant changes. Nifedipine, V and DL showed no significant changes on either hepatic reduced glutathione (GSH) or the GSH depletion provoked by the toxic dose of acetaminophen. 
